ABSTRACT A total of 80 dry-cured duck breasts were used in this study. The gross composition, color and textural parameters, fatty acid and amino acid profiles, macro-and micromineral content, and sensory properties were analyzed. In comparison with other drycured meat products made from cuts of whole meat, dry-cured duck breast is characterized by low moisture and a higher protein content. Saturated, monounsaturated, and polyunsaturated fatty acid contents in intramuscular fat were approximately 35, 57, and 8% of the total fatty acid methyl esters, respectively. The main essential amino acids present in dry-cured duck breast were lysine and leucine, followed by valine, threonine, and isoleucine, with aspartic and glutamic acids being the most important in the nonessential fraction. Drycured duck breast proved to be a valuable source of iron, zinc, copper, and manganese (7.57, 4.66, 0.84, and 0.87 mg/100 g of edible portion, respectively), providing approximately 57, 45.2, 93, and 43.7% of the recommended daily allowances, respectively.
INTRODUCTION
Because of the continuous evolution of the economic and social conditions of industrialized countries, food demands have been transformed and modified. Indeed, increasing consumer interest is being shown in the energetic and nutritional values of food, as well as in the role played by a correct diet in a healthy lifestyle. At present, consumers favor meat that is authentic, tasty, rich in protein, and low in lipid and cholesterol content (Mastrosimone et al., 1998) .
Today, a wide variety of dry-cured meat products are produced from different raw materials and under different processing conditions (Toldrá, 2006) . In drycured meat products, chemical and biochemical changes during ripening lead to a large number of volatile compounds, which contribute to their characteristic flavor (Ruiz et al., 2002a) . The acceptance of dry-cured products by consumers is mainly determined by their sensory quality. The aroma is perhaps the most important quality parameter, and it is markedly affected by the raw material, processing techniques, and aging time (Sánchez-Peña et al., 2005) .
Proteolysis and lipolysis are 2 of the most important mechanisms that have an impact on final sensory quality. Proteolytic events have been shown to be an importance source of aroma and flavor because they release several compounds related to flavor development, such as free amino acids (Ordóñez et al., 1999) . Lipolysis also plays an important role in the development of sensory characteristics because it causes an increase in free fatty acid content, and it also catalyzes other reactions, such as oxidation, which lead to the development of a large number of volatile compounds that are responsible for the characteristic flavor (Yang et al., 2005) .
Similar to dry-cured Iberian and Serrano hams, drycured duck breast is produced by dry curing, marinating, and drying stages, but the production period is shorter than that for pork hams. Dry-cured duck breast is a traditional meat product of China and Southeast Asia known for its delicate flavor and texture (Weimin et al., 2008) . The aim of this work was to evaluate the chemical parameters, such as proximate composition, texture analysis, nutritive value and sensory profile, of dry-cured duck breast.
MATERIALS AND METHODS

Chemicals
All reagents and solvents were of analytical grade (Panreac, Barcelona, Spain). Standard mineral was obtained from Merck (Darmstadt, Germany) . Fatty acid methyl ester (FAME) standard mixtures and nonadecanoic acid methyl ester were acquired from Supelco Inc. (Bellafonte, PA). Analytical grade and liquid chromatographic grade chemicals were purchased Analytical Methods pH, Color, and Chemical Composition. The pH of samples was measured using a digital pH meter (model 710 A+, Thermo Orion, Cambridgeshire, UK) equipped with a penetration probe. A portable colorimeter (model CR-600, Konica Minolta, Osaka, Japan) was used to measure meat color in the CIELAB space (lightness, L*; redness, a*; yellowness, b*; CIE, 1976).
Moisture, fat, and protein (Kjeldahl N × 6.25) were quantified according to the International Organization for Standardization (ISO) recommended standards 1442 (ISO, 1997 ), 1443 :1973 (ISO, 1973 ), and 937:1978 (ISO, 1978 , respectively. Total chlorides were quantified according to the Carpentier-Vohlard official method (1841 -1:1996 ISO, 1996) .
Texture Analysis: Warner-Bratzler Test and Texture Profile Analysis. Meat pieces of 1 × 1 × 2.5 cm (height × width × length) were removed parallel to the muscle fiber direction. All samples were cut or compressed perpendicular to the muscle fiber direction at a crosshead speed of 3.33 and 1 mm/s for Warner-Bratzler (WB) analysis and texture profile analysis (TPA) tests, respectively. The texture analyzer (TA.XTplus, Stable Micro Systems, Vienna Court, UK) was used in both tests and was conducted according to AMSA (1995) guidelines. Samples were completely cut using a WB shear blade with a triangular slot cutting edge (1 mm thickness). Maximum shear force (Møller, 1980) , shear firmness (Brady and Hunecke, 1985) , and total necessary work performed to cut the sample were obtained. The TPA test was developed according to the methodology proposed by Bourne (1978) . Textural parameters were measured by compressing to 80% with a compression probe with 19.85 cm 2 of surface contact. Between the first and second compressions, the probe waited for 2 s. Hardness, cohesiveness, springiness, gumminess, and chewiness were obtained.
Intramuscular and Subcutaneous Fatty Acid Profiles. Intramuscular fat was extracted from 40 to 50 g of dry-cured duck breast and from 10 g of subcutaneous fat. Fatty acid (FA) composition of both tissues was analyzed according to the methodology proposed by Folch et al. (1957) . Lipid extracts were evaporated to dryness under vacuum at 35°C and stored at −80°C until analysis by preparation of FAME. A 50-mg quantity of the extracted lipids was transesterified with a solution of boron trifluoride (14%) in methanol, as described by Carreau and Dubacq (1978) , and the FAME were analyzed chromatographically.
Separation and quantification of the FAME were carried out using a gas chromatograph (GC-Agilent 6890N, Agilent Technologies Spain S.L., Madrid, Spain) equipped with a flame-ionization detector and an automatic sample injector (HP 7683), and using a fused-silica capillary column (SPTM-2560 , Supelco Inc., Bellafonte, PA; 100 m, 0.25 mm i.d., 0.2-μm film thickness). The chromatographic conditions were as follows: initial column temperature of 120°C, held at this temperature for 5 min, programmed to increase at a rate of 2°C/min up to 170°C, held at this temperature for 15 min, increased at 5°C/min up to 200°C, held at this temperature for 5 min, and then increased again at 2°C/min up to a final temperature of 235°C, which was held for 10 min. The injector and detector temperatures were maintained at 260 and 280°C, respectively. Helium was used as the carrier gas at a constant flow rate of 1.1 mL/min, with the column head pressure set at 35.56 psi. The split ratio was 1:50, and 1 μL of solution was injected. Nonadecanoic acid (C19:0) methyl ester at 0.3 mg/mL was used as an internal standard and was added to the samples before fat extraction and methylation. Individual FAME were identified by comparing their retention times with those of authenticated standards. Data regarding FA composition were expressed in percentage by weight of the identified total FA.
Protein Amino Acid Profile. The hydrolysis of the protein was carried out on 100 mg of dry-cured duck breast with 5 mL of hydrochloric acid (6 N) in an ampoule glass sealed for 24 h at 110°C. After hydrolysis, the solution was diluted with 200 mL of distilled water and filtered through a 0.45-μm filter (Filter Lab, Barcelona, Spain). A corresponding aliquot was frozen at −20°C and stored until posterior analysis. Tryptophan determination was not possible because acidic hydrolysis transforms it into ammonium.
The HPLC systems used were a high-performance liquid chromatograph (Alliance 2695 model, Waters, Milford, MA) and a scanning fluorescence detector (model 2475, Waters). Empower 2 advanced software (Waters) was used to control the system operation and management of results.
The derivatization of standards and samples and chromatographic analysis conditions were as follows: 10 μL of sample was buffered to pH 8.8 (AccQ-Fluor borate buffer) to yield a total volume of 100 μL. Derivatization was initiated by the addition of 20 μL of AccQ-Fluor reagent (3 mg/mL in acetonitrile). Reaction of the AccQ-Fluor reagent kit with all primary and secondary amines was rapid, and excess reagent was hydrolyzed within 1 min. Completion of hydrolysis of any tyrosine phenol modification was accelerated by heating for 10 min at 55°C. Separations were carried out using a Waters AccQ-Tag column (3.9 × 150 mm, with a particle size of 4 μm) with a flow rate of 1.0 mL/min and were performed at 37°C. The gradient profile and composition of the mobile phase were adapted from methodology developed by Van Wandelen and Cohen (1997) . Detection was accomplished by fluorescence with excitation at 250 nm and emission at 395 nm. Amino acids were identified by retention times using an amino acid standard.
Mineral Composition. The content of different mineral elements was determined according to the methodology proposed by Lorenzo et al. (2003) . Briefly, 4 g of each sample was incinerated at 450°C and the ash was dissolved in 10 mL of 1 M nitric acid. For the determination of iron, copper, manganese, and zinc, this solution was used directly. For the rest of the mineral elements, a 1:10 dilution was used. The content of the mineral elements was determined by induced coupling plasma atomic emission spectrometry in a ThermoFisher 6300 plasma emission spectrometer (ThermoFisher, Cambridge, UK). The standard solutions were prepared at 1,000 mg/L of concentration. Preliminary tests were carried out to determine the recovery of different quantities of the different added minerals (which were always higher than 97%) and to establish the accuracy of the methods used. The final value for each element was obtained by calculating the average of 3 determinations.
Sensory Analysis. The taste panel evaluation was conducted with 8 panelists selected from the Meat Technology Centre of Galicia. Panelists were trained according to methodology proposed by UNE regulations [UNE 87-024-95 (AENOR, 1995) ] over 1 yr with the attributes and the scale to be used. The samples were individually labeled with 3-digit random numbers. Ten sensory traits of dry-cured duck breast, grouped by appearance (redness), odor (intensity, rancidity, and cured), texture of the lean (fibrousness, hardness, juiciness, chewiness, and dryness), and taste (saltiness), were assessed according to methodology proposed by UNE regulations [UNE 87-013-96 (AENOR, 1996a) , UNE 87-017-92 (AENOR, 1992) , UNE 87-025-96 (AENOR, 1996b) , UNE 87-026-00 (AENOR, 2000) ].
The intensity of every attribute was expressed on a structured scale from 0 (very low) to 9 (very high) in 2 sessions, a specific session for this sample and the evaluation session. During sensory evaluation, the panelists were situated in private cubicle illuminated with red light, according to UNE regulations [UNE 87-001-94 (AENOR, 1994) , UNE 87-004-79 (AENOR, 1979) ]. The panelists were given water to clean the palate and remove residual flavors at the beginning of the session and in between samples.
Statistical Analysis
Standard deviation, minimum, maximum, and mean values were calculated using the software package SPSS 18.0 for Windows (SPSS Inc., Chicago, IL). Correlations between variables (P < 0.05) were determined by correlation analyses using Pearson's linear correlation coefficient with SPSS 18.0.
RESULTS AND DISCUSSION
Gross Composition and Color Parameters
The chemical composition in dry-cured duck breast is shown in Table 1 . The values of the moisture of the dry-cured duck breast (average 42.01%) were less than those observed by (Wang et al., 2009 ) in dry-cured duck breast from the Cherry Valley breed. These dry-cured duck breasts were dried for 15 d, whereas we had 21 d of drying-ripening period. This fact may explain the differences in moisture content. The moisture content of dry-cured duck breasts was similar to that of other dry-cured meats, such as "lacón" (dry-cured pork shoulder), despite needing only 21 d rather than 3 mo (Lorenzo et al., 2008) . Likely the smaller size and higher surface-to-weight values for duck underlie the reduced amount of time to reach the desired moisture endpoint.
The values of the intramuscular fat (IMF) content at the end of the ripening process were approximately 7.13%, with minimum and maximum values of 5.06 and 9.04, respectively. These values were higher than those observed by Wang et al. (2009) in dry-cured duck breasts from the Cherry Valley breed. This circumstance could be explained by the fact, mentioned above, that the drying-ripening period in our study was longer (21 vs. 15 d). In addition, our animals were raised to produce foie gras, and overfeeding increases the lipid levels in duck meat significantly (zanusso et al., 2003) .
Regarding protein content, we found a percentage of 37.7%. This value was higher than that observed by Wang et al. (2009) , who found a protein content of approximately 27%. Because protein and lipids constituted the major chemical components of the meat products, their proportions in muscle varied with the variations in muscle moisture during the dry-curing process.
The dry-cured duck breast contained up to 7.50% salt. This value was less than those observed by Wang et al. (2009) , with values of approximately 10.42%. Our sodium chloride values are found in the middle of the range (5 to 9%) of those observed by other authors in other dry-cured meat products (Melgar et al., 1990; Gambotti et al., 1999; Guerrero et al., 1999) .
Instrumental color of the muscle in slices of dry-cured duck breast is shown in Table 2 . In general, the meat had a paler appearance because of a low value for luminosity (<30) and a high value for yellowness. Chartrin et al. (2006) reported that breast muscle of overfed mule ducks (containing high lipid levels) was paler and had higher yellowness values than breast muscle of ducks fed ad libitum. Table 1 shows the mean values and the range in the textural variables studied. Texture properties are very important for this product because it is usually cut in thin slices, although we conducted the texture test on pieces of meat 1 cm high to obtain a standardized measurement, for comparison with values reported by other authors. Values for maximum shear force were 4.12 kg/cm 2 . Guerrero et al. (1999) found shear force values of 3.05 kg for dry-cured ham. Chartrin et al. (2006) found values of 5.18 kg when working with the raw cooked breast of overfed ducks. Despite the fact that meat tenderness is affected by IMF, moisture, and collagen content, we did not find significant correlations between physicochemical parameters and instrumental textural traits. According to a study conducted by Lyon and Lyon (1991) , WB shear values of 3.62 to 6.61 kg for cooked breast meat correspond to panelist sensory responses of "moderate to slightly tender." A similar finding were determined in our study. The WB shear force in our study was in this range.
Texture Analysis
No data are provided in the literature for the TPA of dry-cured duck breast. According to the available data on dry-cured meat products, our parameters obtained from TPA were in agreement with those of Guerrero et al. (1999) , who found values of 7.42 kg, 0.75, and 0.71 for hardness, springiness, and cohesiveness, respectively, in dry-cured ham, whereas Cilla et al. (2006) showed values of 8.70, 0.42, and 0.40 for the same parameters in the semimembranosus muscle of dry-cured ham. Changes in the hardness of dry-cured ham have been attributed to both water content and changes in the protein (Monin et al., 1997) . Nevertheless, we did not find a significant correlation between moisture or protein content and TPA traits.
FA Composition
The intramuscular and subcutaneous FA composition, expressed in milligrams per gram of fat and as a percentage, is shown in Table 2 . The dry-cured duck breast intramuscular FA in this study were predominantly monounsaturated FA (MUFA) and were approximately 57% of the total FAME. This was followed by saturated FA (SFA), constituting approximately 35% of the total FAME, and finally, polyunsaturated FA (PUFA), constituting approximately 8% of the total FAME. These results are not in agreement with those reported by Cobos et al. (2000) for the raw breast meat of wild duck because in that study, PUFA were the most abundant FA. In contrast, Woloszyn et al. (2006) reported SFA as the predominant FA in breast raw meat.
Within the MUFA, oleic acid was the most abundant, showing levels of approximately 90% of the total MUFA. A similar proportion (94%) was reported by Cobos et al. (2000) , whereas El-Deek et al. (1997) found lower percentages (80%).
Within the SFA, the predominant FA was palmitic acid, constituting approximately 71% of the total intramuscular SFA, followed by C18:0 and C14:0. These results are in agreement with those reported by other authors (El-Deek et al., 1997; Cobos et al., 2000; Woloszyn et al., 2006) in dry-cured duck breast.
The most abundant SFA in Spanish dry-cured hams are palmitic acid (25%), followed by stearic acid (12%) and myristic acid (1.5%; Fernández et al., 2007) . Among the PUFA, the main n-6 FA in all the samples analyzed was linoleic acid (C18:2n-6), which showed mean values of 8.14% of total FAME.
To assess the nutritional index of duck breast fat, the P:S ratio was determined. In this study, duck breasts showed a P:S ratio of 0.33 to 0.17, although this P:S ratio was less than the range values (0.5 to 0.7) reported as being typical of the Mediterranean diet (Ulbricht and Southgate, 1991) and was also less than the (Fernández et al., 2007; Ventanas et al., 2007; Gandemer, 2009) , who found values ranging from 0.38 to 0.19. Based on current daily intake recommendations for the Spanish adult population (Mataix et al., 2004) , 100 g of dry-cured breast provides 20.24, 13.3, 9.14, and 0.5% of the amounts of SFA, MUFA, C18:2n-6, and C18:3n-3, respectively, assuming an energy intake of 2,300 kcal/d (Mataix et al., 2004; Fernández et al., 2007) . The predominant FA in the subcutaneous fat followed a pattern similar to that found in IMF, although 5 FA (C15:0, C18:3n-3, C21:0, C20:3n-6, and C22:1n-9) were not detected in subcutaneous tissue.
Amino Acid Composition
The amino acid profile of dry-cured duck breast, expressed both as grams per 100 g of edible portion and grams per 100 g of protein, is shown in Table 3 . In light of the recently revised estimates of the amino acid requirements for adults proposed by the Food and Nutrition Board and Institute of Medicine (2002) and still referring to a 100-g edible portion, dry-cured duck breast appears to be an excellent source of proteins with high biological value because it contains essential amino acids in an appropriate ratio.
The main essential amino acids present in dry-cured duck breast were lysine and leucine, followed by valine, threonine, and isoleucine, whereas aspartic acid and glutamic acid were the most important in the nonessential fraction. In other red meats, such as lamb, goat, and camel (Elgasim and Alkanhal, 1991) , and in white meats such as hen (Paul and Southgate, 1978; Elgasim and Alkanhal, 1991) and ostrich (Sales and Hayes, 1996) , glutamic and aspartic acids in the nonessential fraction and lysine and leucine in the essential fraction were also the major amino acids. In our study, the essential amino acid:nonessential amino acid ratio was of 0.78, whereas Elgasim and Alkanhal (1991) obtained a ratio of 0.86 in chicken samples.
Lysine represented about 21% of total essential amino acids. The essential amino acid requirement for an adult man weighing 70 kg is about 12.90 g/d (WHO, 2007). Our results indicated that 100 g of dry-cured duck breast covered 67% of the daily requirement for essential amino acids.
Mineral Content
The contents of macrominerals and trace elements in dry-cured duck breast (Table 4) is discussed on the basis of the recommended daily allowances suggested by the Scientific Committee on Food of the European Union (SCF, 2003) . Overall, and compared with the macrominerals and trace element supplied by other meats, drycured duck breast is a good source of iron, zinc, copper, and manganese, and it has considerable concentrations of potassium and magnesium and significant amounts of other elements, such as calcium and phosphorous (Table 4) . On a raw basis, 100 g of dry-cured duck breast would provide 8.2, 7.5, 2.2, 0.5, 1.1, and 43.7% of the estimated safe and adequate dietary intake of sodium, potassium, magnesium, calcium, phosphorus and manganese, respectively. The same quantity would cover 57, 45.2, and up to 93% of the recommended daily allowances for iron, zinc, and copper, respectively.
Dry-cured duck breast contains a very valuable source of iron, and because it is highly bioavailable, its relative contribution to dietary intake is considerable. Moreover, it favors absorption of non-heme iron from other foods. Iron deficiency produces anemia, which is one of the principal public health problems affecting onefourth of the world's population in both industrialized and developing countries. In Spain, the dietary iron intake in 2006 did not exceed 80% of the recommended level for women aged 20 to 39 (MARM, 2008) . Dry-cured breast is an excellent source of zinc, with concentrations of approximately 5.45 to 3.60 mg/100 g (Table 4 ). Although also present in plant foods, zinc is less bioavailable there than in meat products; however, zinc bioavailability improves when vegetables are consumed along with animal proteins (Higgs, 2000) . zinc is an essential mineral in the diet; it is involved in the composition and activity of more than 200 enzymes. It was recently noted that recommended zinc intake levels are not being reached in the United States and the United Kingdom because of declining meat consumption among adolescents (Mulvihil, 2004) . In Spain, the amount of zinc in the diet is barely 75% of the recommended intake (MARM, 2008) .
Dry-cured breast meat is an intermediate food in terms of magnesium levels, which are between 9.92 and 6.89 mg/100 g (Table 4 ). Magnesium acts as a cofactor of various enzymatic and metabolic pathways, with major implications for neuromuscular activity. Its presence has been associated with the development of various disorders (e.g., cardiovascular disease, osteoporosis, diabetes; Fleet and Cashman, 2003) .
A large percentage of the population has a hereditary predisposition to high blood pressure, the incidence of which is aggravated by overweight and high sodium consumption. In dry-cured duck breast, current levels of salt, added in the curing process, produce sodium concentrations in excess of 47.84 g/100 g (Table 4 ). Currently the daily adult sodium intake is approximately 3 times the recommended daily allowance, and public health and regulatory authorities are recommending reducing the dietary intake of sodium to 2.4 g/d (Desmond, 2006) . The WHO (2003) recommends a maximum value of 2,000 mg/d as an intake goal. This limits the suitability of dry-cured breast for consumption by those sectors of the population that suffer from high blood pressure (Morgan et al., 2001) , although the high concentration of potassium (Table 4) helps to maintain a more reasonable sodium-potassium balance (Ventanas, 2006) . However, the sodium concentration in dry-cured duck breast was less than that found in other dry-cured meat products, such as Iberian ham (Lozano et al., 1998) , lacón (Lorenzo et al., 2003) , and "Cecina" (Spanish dry-cured beef product; Alcaide Castiñeira et al., 1995) .
Sensory Analysis
Mean values of the sensory traits (appearance, odor, taste, and texture) are shown in Figure 1 . The redness of the lean meat reached a mean score of 6.18. Modifications in the redness of the lean meat during the manufacturing of dry-cured meat products made from whole cuts have been described previously (Lorenzo et al., 2008) , and these can be explained by the increase in pigment concentrations during the whole process. Nevertheless, in this study we did not found a significant correlation between redness of the lean and instrumental redness (a*).
Several studies reported on the great importance of aroma in the overall quality of dry-cured meat products (Parolari et al., 1994; Buscailhon et al., 1995; Ruiz et al., 2002b) . Our dry-cured duck samples showed a lower salt content (Table 2 ) and thus presented a lower rancidity score (0.64; Figure 1 ). This could be explained by the prooxidant effect of salt (Kanner, et al., 1991) .
However, salt is not the only factor determining the salty taste. This attribute can also be influenced by other compounds, such as amino acids or nucleotides, which have a salty taste (Careri et al., 1993) , or a low proportion of IMF (Cambero et al., 1994; Buscailhon, et al., 1995) . Our dry-cured duck samples showed lower values for saltiness (3.05) when compared with other dry-cured meat products; thus, the salting time is shorter.
Because of the dehydration that takes place during the processing of dry-cured products, the direct contribution of IMF itself plays a very important role in Table 4 . Content of main and trace mineral elements of dry-cured duck breast 1 the juiciness of this type of product (Ruiz et al., 1998) . Some authors (Buscailhon et al., 1994; Ruiz et al., 1998) observed that the hardness trait increased with time in dry-cured hams. Girard et al. (1993) observed that raw breast meat from ad libitum-fed ducks was judged as more tender than that from overfed ducks. For this study, we observed a significant (r = −0.63; P < 0.01) correlation between hardness and juiciness.
The negative influence of some textural traits, such as fibrousness or dryness, on overall acceptability has been described previously in meat products (Chambers and Bowers, 1993) . Fibrousness is caused both by the presence of insoluble collagen and by the aggregation of myofibrillar proteins because of the dehydration that occurs during the ripening process (Córdoba et al., 1994) . Dryness is mainly determined by the amount of moisture retained in the ham after processing (Chizzolini et al., 1996) . Therefore, these 2 traits strongly depend on the degree of dehydration achieved during processing, which is controlled by the temperature and RH conditions the hams undergo during the ripening process and the characteristics of the raw material, especially the water-holding capacity and the amount of fat. In this case, we obtained lower values for fibrousness and dryness; thus, the processing time of dry-cured duck breast is shorter than that of other dry-cured meat products, such as Iberian ham (18 mo) and lacón (3 mo).
Conclusions
On the basis of the present results and in comparison with other more commonly consumed dry-cured meat products, dry-cured duck breast showed good physicochemical and sensory traits, and the fatty acid and amino acid profiles were suitable to consumers. In addition, dry-cured duck breast is a considerable source of some macrominerals and trace elements (magnesium, phosphorus, iron, zinc, and copper). Furthermore, today's consumer has a tendency to test new products, favoring those with nutritional characteristics that fall in line with modern-day dietary criteria, as in the case of dry-cured duck breast.
The results obtained represent a starting point for the promotion of this product because nutritional, sensory, and physicochemical characteristics respond to the demands required by current consumers who are concerned about their health. 
